It is estimated that one in three people will experience a stroke, dementia, or both during their lifetime. The goal of this article is to assist clinicians in the identification and treatment of patients with vascular cognitive impairment (VCI). To that end, we will discuss the scope and definition of VCI; how this definition can be applied in clinical practice; VCI epidemiology and pathogenesis, its clinical features, and assessment; and prevention and treatment of this disorder. Recent Findings: During the past decade, we have gained a more complete understanding of clinical manifestations of VCI (eg, the importance of executive function and memory), what it looks like pathologically (eg, the role of cerebral amyloid angiopathy, microinfarcts, and ''silent'' strokes), and how VCI relates to other disease processes (eg, co-occurrence with Alzheimer disease). A recent American Heart Association and American Stroke Association guidance statement clarified the construct of VCI, including the severity of cognitive and behavioral dysfunction contained under the definition of VCI and the presence of both ''pure'' and ''mixed'' VCI forms. VCI treatments approved by the US Food and Drug Administration are still lacking, and challenges remain regarding how to convert promising observational study findings that link stroke and coronary heart disease risk factors to cognitive impairment and dementia into evidence-based preventive methods. Summary: VCI is a common contributor to cognitive impairment in later life. Because the risk of Alzheimer disease may be heightened by the same risk factors that make us susceptible to stroke and coronary heart disease, these borderlands merit careful consideration as we strive to preserve cognitive function throughout the aging process.
DEFINITION AND SCOPE OF VASCULAR COGNITIVE IMPAIRMENT
The construct of cognitive impairment and dementia associated with cerebrovascular disease and stroke has gone through many permutations, from multiinfarct dementia to vascular dementia (VaD) to the presently used term, vascular cognitive impairment (VCI). 1 In a recent statement of the American Heart Association and American Stroke Asso-ciation (AHA-ASA), VCI is defined as ''a syndrome with evidence of clinical stroke or subclinical vascular brain injury and cognitive impairment affecting at least one cognitive domain.'' 1 VCI therefore encompasses all of the potential levels of cognitive severity, from its mildest form detectable by neuropsychological assessment to full-blown VaD. VCI also includes both ''pure'' (cerebrovascular disease alone) and ''mixed'' (cerebrovascular disease with other pathology, such as that of Alzheimer disease [AD]) pathologic conditions. The National Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et l'Enseignement en Neurosciences (NINDS-AIREN) criteria 2 are currently most widely used in VaD clinical trials. These criteria require neuroimaging evidence of focal brain damage, focal clinical signs, and cognitive deficits in at least three cognitive domains, one of which must be memory. The cognitive deficits must be linked to functional impairment. The strength of association between cerebrovascular disease and cognitive impairment is the primary determinant of probable versus possible VaD diagnoses. In clinicopathologic study, the NINDS-AIREN criteria have shown high specificity but low sensitivity, meaning that many true cases of VaD were not detected by the criteria. The recent AHA-ASA VCI statement includes updated diagnostic criteria for VCI. The guidelines include both VaD and vascular mild cognitive impairment (VaMCI) criteria, require fewer impaired cognitive domains than NINDS-AIREN criteria, and do not require memory impairment. They also introduce the term unstable VaMCI for use in patients who shift from an impaired to an unimpaired cognitive stateVfor example, if the patient demonstrates cognitive recovery from a vascular event. The AHA-ASA criteria have not yet been the subject of clinicopathologic study, so their sensitivity and specificity are not yet known.
EPIDEMIOLOGY Incidence, Prevalence, and Mortality
It is estimated that one in three people will experience a stroke, dementia, or both. Strokes and AD often occur concomitantly and pose risks for one another. 3 Interestingly, ''silent'' strokes outnumber clinically manifest ones by a factor greater than 11 to 1 and are not so silent, as they are harbingers of future stroke and cognitive impairment. In addition, about one in 10 adults in the community harbor a silent stroke by an average age of approximately 63 years. 4 Traditionally, after AD, VaD has been considered the second leading cause of progressive and irreversible dementia; however, currently Lewy body dementia is considered the second leading cause by some experts. Epidemiologic studies suggest that the incidence of dementia in Europe is highest for AD (60% to 70% of all cases), with VaD accounting for about 15% to 20% of cases. 5 In addition, incidence rates of these disorders increase with age but show geographical variation, such as being higher in northwestern than southern European countries, 5 and there may not be gender differences in the rates of risk for VaD as once thought. 6 Furthermore, considerable evidence indicates that stroke increases the risk of dementia, 7 and in some studies dementia after stroke has been reported in almost one-third of post-stroke patients within 3 months' time. The results of some epidemiologic studies in Asian countries suggest that, because of high stroke rates in the region, VCI may be more common there than AD. 8, 9 The discordancy in rates among epidemiologic studies may in part reflect differences in classification systems used for dementia or cognitive impairment, other issues of disparate study methodologies, and the influence of improved strokeprevention efforts.
Other groups that have been shown to be at risk for VCI include African Americans, patients with AD who have strokes, and the very elderly (who are also at risk of AD). 10 Neuropathologic studies show an additive influence or correlation between AD pathology and cerebral infarction in the manifestation of cognitive impairment. 11 Furthermore, mixed neuropathology (ie, AD plus VCI changes) is common in people with dementia or AD. 12 Cognitive impairment is associated with decreased survival. People with advanced dementia are subject to medical complications such as pneumonia, febrile episodes, and eating problems associated with eventual death when there is cognitively impairing disease. 13 Older people who survive severe sepsis are at risk of substantial and persistent new cognitive impairment and functional disability that may decrease their ability to live independently. 14 Traditionally, survival in AD is longer than in VaD or mixed dementia, but survival varies according to the patient's age, race or ethnic group, and severity of cognitive impairment. In a hospitalbased study of African Americans with AD, VaD, or stroke without dementia who were followed for up to 7 years, there were no substantial differences in survival between any of the diagnostic groups after adjusting for age. 15 
Risk Markers and Factors
In the context of this review, risk marker refers to an exposure that increases the risk of a disease state or disorder, and risk factor refers to an exposure that not only increases the risk of the disease state or disorder but also has such a direct impact that the target disease or disorder is reduced when this factor is treated or modified.
In some examples, the term ''risk factor'' is used interchangeably with ''risk marker'' for sake of simplicity and consistency in the literature. It has long been held that risks for stroke are also risks for VCI. 16 In a case-control study among 61 patients with multi-infarct dementia and 86 patients with stroke without cognitive impairment, stroke with dementia was predicted by ad-vanced age, lower educational attainment, history of myocardial infarction, and recent cigarette smoking, whereas higher systolic blood pressure was associated with not having dementia. 16 The findings were among the earliest to suggest that risk factors for stroke and coronary heart disease (CHD) were risks for VCI as well. The relationship between blood pressure and risk of cognitive impairment is a complex one, discussed in greater detail in the section below on prevention and treatment of VCI. Conventional knowledge suggests that lowering blood pressure in patients who do not have cognitive impairment can reduce the risk of subsequent cognitive impairment, whereas lowering blood pressure to preserve cognition among patients who already have cognitive impairment remains unproven as a successful strategy.
In a subsequent companion study in which an AD comparison group was included, it was found that African Americans with a clinical diagnosis of AD frequently had risks for stroke (eg, 50% had hypertension, 15% CHD, and 13% diabetes mellitus). 17 When brain necropsy was performed in a subgroup of these patients who had a clinical diagnosis of AD and stroke or cardiovascular risk factors, there was good agreement between the neuropathologic diagnosis and the clinical diagnosis of AD. 18 The findings provided some of the early evidence to suggest that modifiable cardiovascular risks tend to be present in people with AD (Case 8-1).
Indeed, strokes and AD often occur concomitantly and pose risks for one another. 3 Risks for stroke, such as hypertension, hypercholesterolemia, hyperhomocysteinemia, elevated body mass index and fat intake, atrial fibrillation, diabetes mellitus, cigarette smoking, and metabolic syndrome, are now considered risks not only for VCI but also for AD. 20 Cardiovascular factors have now been linked to AD as well as to cardiovascular disease and atheroscle-rosis. The recently published AHA-ASA guidance statement includes a list of key risk markers that may be linked to
Case 8-1
A 79-year-old man presented with slight anomia, difficulty with recall at 5 minutes, and slightly unsteady gait. He scored 25/30 on the Mini-Mental State Examination. Instrumental and routine activities of daily living were not impaired. His medications included ramipril for high blood pressure and pioglitazone for diabetes (glycosylated hemoglobin was 7.0%). Blood pressure was 163/93 mm Hg. Other results of his general physical examination were unremarkable. MRI brain study (Figure 8-1 ) showed cerebral microbleeds on gradient-echo sequences, periventricular white matter disease predominantly in the subfrontal regions, and several scattered basal ganglia small vessel infarcts (not pictured).
Comment. The subfrontal white matter disease and cerebral microbleeds are manifestations of cerebral small vessel disease (cerebral amyloid angiopathy underlying the cerebral microbleeds, and deep penetrating vessel occlusive cerebral vascular disease underlying the lacunar infarcts and periventricular subfrontal white matter disease). Given the presence of cerebrovascular disease, mild cognitive deficits, and intact activities of daily living, the diagnosis was classified as vascular mild cognitive impairment. Formal neuropsychological testing supported the diagnosis with predominant executive dysfunction. The presence of cerebral microbleeds, however, raised concern about underlying Alzheimer disease and, therefore, a mixed vascular cognitive impairment and Alzheimer disease mechanistic process. 19 The addition of a diuretic gently lowered the patient's blood pressure to reach a systolic blood pressure of approximately 150 mm Hg, with no immediate complications.
While lowering blood pressure is not a well-established strategy for prevention of cognitive impairment or its progression, it does reduce stroke risk. The presence of silent strokes on brain MRI is a risk for clinically manifest stroke and cognitive impairment. The administration of antiplatelet therapy in the presence of cerebral microbleeds is controversial. 19 Cerebral microbleeds can be harbingers of cerebral macrobleeds, and some studies have suggested that when cerebral microbleeds are abundant, antithrombotic therapy elevates the risk of macrohemorrhage of the brain (this has not been definitively proven but remains a potential concern). After a patient-focused discussion, it was decided not to administer antiplatelet therapy. A glycosylated hemoglobin target of approximately 7.0% is reasonable, according to stroke prevention guidelines. VCI ( Table 8-1) . 1 Most of these factors are typical or usual cardiovascular risks or concomitant disorders or diseases. Factors labeled as uncertain in Table 8-1 have relatively less epidemiologic supporting evidence of association with VCI. All of the factors (including those labeled as uncertain with respect to VCI), however, are associated with reduction of stroke or major CHD outcomes. 1 The AHA-ASA guidance statement serves as a resource of key contributions of many research groups to the field of VCI.
PATHOGENESIS VCI can be caused by clinically manifest strokes that may be large or small and of ischemic or hemorrhagic origin. 1 In addition to clinically manifest strokes, VCI may have an underpinning of subclinical cerebrovascular brain injury (CVBI). As a person ages, common vascular brain pathologies include white matter degeneration, primary vessel disease such as arteriolosclerosis and lipohyalinosis, atherosclerosis, cerebral amyloid angiopathy (CAA), and cerebral microbleeds. 1 Cerebral microbleeds at the surface of the brain are thought to be caused by CAA and have been associated with macrohemorrhage of the brain and cognitive impairment. 21 At the microscopic level of the brain, the neurovascular unit is a conduit for neurovascular dysfunction. The neurovascular unit is made up of neurons,
KEY POINTS
h In addition to clinically manifest strokes, vascular cognitive impairment may have an underpinning of subclinical cerebrovascular brain injury.
h At the microscopic level of the brain, the neurovascular unit is a conduit for neurovascular dysfunction. glia, and perivascular and vascular cells, and maintains structural and functional homeostasis of the cerebral microenvironment. 1 Vascular oxidative stress and inflammation are believed to be mediators of neurovascular dysfunction induced by traditional vascular risk factors and amyloid-". A complex interaction ensues between oxidative stressmediated vascular leakage, protein extravasation, and cytokine production; and inflammation that upregulates expression of reactive oxygen speciesY producing enzymes and downregulates antioxidant defenses. 1 As a result, with neurovascular dysfunction, the brain's susceptibility to injury increases with altered regulation of cerebral blood supply, disruption of blood-brain barrier function, and potential for reduced trophic support and repair of CVBI. It is hypothesized, therefore, that control of vascular risk factors, reactive oxygen species, and inflammation could lead to preventive or treatment strategies in VCI. 1 The most common form of VCI is the subcortical type. 22 Cerebral arterial small vessels arise superficially from the subarachnoid circulation as terminations of medium-sized arteries and deeply as arterial perforators from larger vessels at the base of the brain. These vessels supply deep white matter structures, for example, but are not visible by standard neuroimaging. Therefore, their clinical disease signature is white matter disease, lacunar infarcts, and cerebral microbleeds detectable on MRI of the brain. 22 Whereas small cerebral arteries may have pathologic changes such as arteriolosclerosis and CAA, the deep cerebral veins tend to be affected by a process called venous collagenosis, which can also play a role in the pathogenesis of cognitive impairment.
Occlusive disease of deep, small arterial vessels of the brain is believed to lead to lacunar infarcts and a demye-linating disorder of the cerebral white matter referred to as leukoaraiosis (literally, rarefaction or thinning of the white matter). Leukoaraiosis may manifest neuroradiologically on brain CT or MRI as slight, moderate, or severe intensity. White matter changes and lacunar infarcts are correlated and have been associated with cognitive impairment. 22 Stroke-related factors that can be identified on brain imaging or at brain necropsyVsuch as volume of cerebral tissue loss, infarct location (eg, strategically located brain infarction in the thalamus, angular gyrus, or subfrontal pathways), infarct number, presence of cerebral atrophy, presence of white matter lesions or volume of these lesions, and silent cerebral infarctsVare commonly believed to indicate risk for VCI. 1 With sophisticated neuroimaging tools such as diffusion tensor imaging, tractography, functional MRI and voxelbased morphometry, researchers are discovering new structural and functional alterations that can occur in the brains of people with stroke and cognitive impairment. Regional white matter integrity (whether on the side of a recent acute CVBI or not) and thalamic density have been suggested as possible pathogenetic links for risk of VCI based on diffusion tensor imaging and voxel-based morphometry study, respectively. 23, 24 Furthermore, imaging studies are clarifying the possible roles of the blood glucose level and infarcts of the hippocampus as causal pathways whereby memory decline may occur in the dentate gyrus subregion, based on blood glucose level, whereas the CA1 subregion has been linked to infarction associated with hypoperfusion and cognitive impairment. 25 Finally, microinfarcts of the brain diagnosed at necropsy have been shown to be associated with brain atrophy and cognitive impairment even before dementia manifests clinically. 26 
h The most common form of vascular cognitive impairment is the subcortical type.
h Regional white matter integrity (whether on the side of a recent acute cerebrovascular brain injury or not) and thalamic density have been suggested as possible pathogenetic links for risk of vascular cognitive impairment based on diffusion tensor imaging and voxel-based morphometry study, respectively.
h The clinical picture of patients with vascular cognitive impairment may be linked with the volume and location of the underlying pathology.
CLINICAL FEATURES
The clinical picture of patients with VCI may be linked with the volume and location of the underlying pathology. If there is clinical stroke, the location, number, and volume of the stroke(s) determine the pattern and extent of cognitive impairment and behavior change. Juxtaposed with the focal features of specific stroke-related lesions is the more diffuse pattern of cognitive impairment associated with subcortical CVBI. This pattern is marked by slowed mentation (bradyphrenia), executive dysfunction, memory deficits marked by inconsistent acquisition rather than rapid forgetting, and mood disturbance. 27 Individual patients may show both focal neurocognitive deficits associated with the location of their stroke lesions and a more diffuse pattern, depending on the presence and extent of subcortical CVBI.
Two specific cognitive domains deserve special mention: executive function (which refers to higher cognitive skills such as planning, organizing, and synthesizing) and memory. Although many clinicians consider deficits in executive function to be a hallmark of VCI, such deficits are not specific to cerebrovascular disease. 28 Given the lack of clarity of this research, and the fact that many elderly patients with dementia and cognitive impairment have multiple sources of brain pathology, 12 clinicians should be cautious about basing their clinical diagnosis solely on the pattern of cognitive deficits. Memory is a second important cognitive domain. The NINDS-AIREN criteria for VaD require memory impairment. 2 However, perhaps in fear of the ''Alzheimerization'' of all dementia, subsequent groups of VCI investigators have argued that memory impairment should not be required, 29 and the AHA-ASA criteria do not require it for the diagnosis of VaD or VaMCI. 1 Still, memory impair-ment is common in patients with VCI. 27 The pattern of memory impairment in VCI can be qualitatively different from that of AD in that a rapid forgetting of newly learned information may not be seen. Instead, patients with cerebrovascular disease are often inefficient in their encoding of the new information, resulting in less information acquired.
Depression is the most common post-stroke psychiatric disturbance, with approximately one-third of patients experiencing depression in the months following their stroke. 30 Also, there may be important vascular contributions to late-life depression or so-called vascular depression. 31 For these reasons, it is important to screen for depressive symptoms in patients with suspected CVBI. Commonly used screening tests in patients with suspected VCI include the geriatric depression scale, the Beck Depression Inventory, and the Center for Epidemiologic Studies Depression Scale. Other neurobehavioral disorders associated with stroke and cerebrovascular disease include dysexecutive beh a v i o r a n d a p a t h y o r a b u l i a . Consultation with psychiatry or another health care provider with expertise in neurobehavioral disorders may assist in treatment of patients with post-stroke behavior disturbance.
A review of the pivotal clinical trials in VaD reveals inconsistent demonstrations of global functional improvement in relation to assessment of functional behavior in VCI. 32, 33 Reliably differentiating functional disability due to physical (eg, hemiparesis) versus cognitive and behavioral impairment is a specific difficulty in examining for impaired activities of daily living after stroke. The Barthel Index is one of the most popular functional outcome measures used with stroke patients but can be unreliable in older patients, especially those with cognitive impairment. By contrast, the Disability Assessment for Dementia KEY POINTS h Individual patients may show both focal neurocognitive deficits associated with the location of their stroke lesions and a more diffuse pattern, depending on the presence and extent of subcortical cerebrovascular brain injury.
h Given the lack of clarity from research studies and the fact that many elderly patients with dementia and cognitive impairment have multiple sources of brain pathology, clinicians should be cautious about basing their clinical diagnosis solely on the pattern of cognitive deficits.
h The pattern of memory impairment in vascular cognitive impairment can be qualitatively different from that of Alzheimer disease.
h It is important to screen for depressive symptoms in patients with suspected cerebrovascular brain injury.
h Reliably differentiating functional disability due to physical (eg, hemiparesis) versus cognitive and behavioral impairment is a specific difficulty in examining for impaired activities of daily living after stroke. scale, with its separate scores for initiation, planning, and performance of activities, is better equipped to distinguish between physical and cognitive disability in VCI. Finally, several studies have shown that executive function tests best predict decline in instrumental activities in daily living in both AD and VaD. 34 
PREVENTION AND TREATMENT OF VCI Prevention
As previously mentioned, prospects for prevention of VCI by risk factor modification have been summarized in a recently published AHA-ASA guidance statement. 1 Key recommendations from this work are summarized in Table 8 -2. 1 In interpreting the information in Table 8 -2, one should keep in mind that a relatively limited number of highest-evidence studies are available, and the studies are graded based on the level of evidence (ie, estimate of certainty [precision] of the treatment strategy's effect) and class of evidence (ie, size of the treatment strategy's effect) according to an AHA-ASA grading scheme (see reference 1). Terms such as recommended, reasonable, may be reasonable, and not recommended are used to guide the clinician based on level and class of evidence, with recommended being the highest level of recommendation for a treatment strategy in this grading scheme.
In this review, treatment of hypertension received the highest evidence-based The effectiveness of treatment of diabetes or hyperglycemia for the prevention of dementia has not been well established (Class IIb, LOE C), and the treatment of hyperlipidemia for the prevention of dementia remains uncertain (Class IIb, LOE C).
grade for the prevention of VCI: treating hypertension was recommended for people at risk of VCI (Class I, Level of Evidence [LOE] A recommendation), and in people with a history of stroke, lowering blood pressure was deemed to be an effective means to reduce the risk of post-stroke dementia (Class I, LOE B). 1 There was reasonable evidence to suggest blood pressureYlowering therapy as a useful intervention for people who were middle-aged and younger elderly (Class IIa, LOE B); however, the usefulness of lowering blood pressure for those over 80 years of age for the prevention of dementia was not well established (Class IIb, LOE B). 1 See Table 8 -2 for management recommendations of other risk markers or factors. A recently published NIH Consensus Panel work on reducing risk of AD or cognitive decline in older people concluded that the quality of evidence was generally low and inadequate to determine that therapeutic interventions would be able to delay the onset of AD or reduce cognitive decline. 35 Further robust and consistent studies are necessary to provide clear, concise answers to important research questions regarding the role of vascular risks for cognitive impairment and dementia. 36 
Treatment
Many treatments have been tried for VCI, but none have proven unequivocally to be efficacious and safe. 37, 38 At one time, it was thought that control of blood pressure in the range of 135 to 150 mm Hg might be useful to maintain cognitive function in people with hypertension and VCI, and that aspirin therapy might be useful to improve cerebral perfusion, cognitive performance, quality of life, and independence. Currently, however, no drugs that have gained wide acceptance for use in practice have been approved by the US Food and Drug Administration for the treatment of VCI.
More recently, attention has turned to cholinesterase inhibitors according to the rationale that cholinergic pathways from the nucleus basalis of Meynert may be disrupted by subcortical cerebrovascular disease and there may be mixed AD and VCI. 38 In large VCI clinical trials of the cholinesterase class of drugs, the key findings show inconsistent benefits across primary or other key end points, or an effect that may be primarily limited to those with mixed AD plus VCI. 32 ,40Y42 A similar result was noted with the administration of donepezil in cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), a genetic model of subcortical VCI, as the primary end point of the trial was not realized; however, measures of executive function were improved (Case 8-2). 44 The failure of the cholinesterase inhibitors to successfully treat patients with VaD on an across-the-board cognitive and functional basis has raised questions regarding whether there is an absence of cholinergic deficits in pure VaD. 45 Memantine, an uncompetitive Nmethyl-D-aspartate (NMDA) receptor antagonist, has statistically significantly improved cognitive outcome in some key cognitive study end points in large trials. 33 Nimodipine showed similar results for influencing cognitive function. 46 Overall, the various treatment modalities reviewed above do not provide consistent cognitive and functional benefit. Keeping this feature in mind, the following are recommendations for drug treatments of VCI in an evidencebased guidance statement in collaboration with the AHA-ASA: 1 h The failure of the cholinesterase inhibitors to successfully treat patients with vascular dementia on an across-the-board cognitive and functional basis has raised questions regarding whether there is an absence of cholinergic deficits in pure vascular dementia.
Case 8-2
A 67-year-old woman was transferred to the inpatient stroke unit with a diagnosis of possible vasculitis. She had a medical history of hypertension and unexplained left-side weakness and slight gait difficulty at age 38, from which she had recovered almost completely. Her daughter described the patient's cognition as ''not quite normal'' from that time onward and said that it had worsened slightly over time with periods of confusion, which the family blamed on her frequent headaches. Several days before her transfer to the stroke unit, the patient developed slurred speech and weakness of the right face, arm, and leg. She was treated at the referral hospital with IV steroids, as she had waxing and waning mental status in addition to the right-side weakness. Physical examination in the stroke unit showed slight left arm and leg weakness and rather profound right face, arm, and leg weakness with dysarthria. The brain MRI (Figure 8-2 and Figure 8-3 ) performed at the referral hospital showed prominent white matter disease with involvement of the external capsule and possible early involvement of the temporal lobe tips. In addition, diffusion-weighted image showed a left periventricular signal consistent with a small, deep acute infarction. Results of a lumbar puncture performed at the stroke unit upon her arrival showed a slight elevation in the protein content, but all other parameters were unremarkable, including a 14-3-3 protein study. Blood study results for prothrombotic states were unremarkable, as were sedimentation rate, a high-sensitivity C-reactive protein test, and a panel for collagen-vascular abnormalities. Conventional cerebral angiography showed several areas of possible vasculitic changes, but the neuroradiologist was not fully convinced of the findings. After the conventional cerebral angiography study, and at the urging of the family members, the patient had a leptomeningeal-brain biopsy, which did not show evidence of a vasculitic process.
Comment. The brain MRI findings are consistent with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), a monogenetic disorder mapped to chromosome 19q12. 43 CADASIL typically begins in early adulthood; symptoms comprise migraine with aura, mood disturbance, recurrent strokes, cognitive impairment, and extensive white matter disease. Most cases have a missense mutation of the Notch 3 gene and ultrastructural changes in skin and muscle vessels including granular osmophilic material in the arteriolar media. Because CADASIL is an autosomal dominant disorder, it is important to discuss screening other members of a patient's immediate family. There is no definitive prevention or treatment, and many cases go on to develop significant cognitive impairment.
Notch 3 gene mutation study was obtained on the serum of this patient and was consistent with a diagnosis of CADASIL, as was the brain biopsy electron microscopy study. 3. The benefits of rivastigmine and memantine are not well established. Cholinesterase inhibitors have been shown to benefit cognition and may also improve behavior and ability to perform activities of daily living more than placebo therapy in some forms of dementia such as AD or VCI. 39 However, a systematic review of pharmacologic treatment of neuropsychiatric symptoms associated with dementia suggests that such therapies are not particularly effective and can be complicated by increased risk of some types of cardiovascular disease, such as stroke. 47 A review of the management of noncognitive symptoms in dementia by Drs Burke, Hall, and Tariot can be found in this issue. Finally, although aspirin has not been conclusively shown to benefit cognitive function in people at risk, 48 there is an ongoing, large-scale trial (Aspirin for Reducing Events in the Elderly) for the primary prevention of major adverse cardiovascular events and VaD, 49 and an ongoing systolic blood pressureY control study (the Systolic Blood Pressure Intervention TrialVMemory and Cognition in Decreased Hypertension, commonly referred to as SPRINT-MIND) to discern the influence of blood pressure control on cognitive function). 50 
